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(54) BENDING ORDER SELECTING METHOD IN BENDING MACHINE AND APPARATUS 
THEREFOR 

(57) A bending order which provides a highest pos- 
sible bending accuracy is determined. 

First, a bending order generating section generates 
a plurality of bending orders possible for bending opera- 
tion. Then, whether the bend angle of each bend can be 
measured in each generated bending order is checked 
by a measurement judging section. For each bend 
which has been determined as an objective bend 
"impossible to measure", a reference bend whose cor- 
rection value for a die driving amount is to be used for 
calculating a correction value for the objective bend is 
set by a correction condition setting section. Weighting 
is carried out by a weight setting section based on the 
degree of the correlation between the processing fac- 
tors of the objective bend and the processing factors of 
its associated reference bend, and the weights 
assigned to all the objective bends are summed .by a 
weight sum computing section. Thereafter, a bending 
order selecting section evaluates the respective weight 
sums of the bending orders to select a suitable bending 
order and outputs the evaluation result to an NC device. 
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Description 



Technical Field 



5 [0001 ] The present invention relates to a method and system for determining a bending order to achieve high bending 
accuracy in producing a plurality of bends in a workpiece, the method and system being well adapted for use in a bend- 
ing machine in which a correction value for a die driving amount with respect to a first bend is obtained based on meas- 
urements of the bend angle thereof and a correction value for a die driving amount with respect to a second bend is 
calculated from the correction value for the first bend. 



Background Art 

[0002] A known bending machine such as press brakes controls the driving amount of a movable die with an NC 
device according to various kinds of input information to bend a sheet-like workpiece. However, such die driving amount 
is control cannot always avoid errors in bend angle because of variations in the thickness and properties of workpieces to 
be bent and in processing conditions. One attempt to solve this problem is designed such that the bend angle of the 
workpiece is measured during the bending process and the driving amount for the die is corrected based on the in-proc- 
ess measurements thereby to ensure high bending accuracy. 

[0003] When forming a workpiece into particular shapes, bending machines equipped with such a bend angle meas- 
20 uring means are unable to perform bend angle measurement or encounters difficulties in measurement. In these cases, 
the bending machines fail in eliminating errors in bend angle. 

[0004] With a view to overcoming the foregoing drawback, the applicant of the present invention has proposed an 
automatic die driving amount correction method in Japanese Patent Unexamined Publication No. 7-314043 (1995), 
according to which a correction value for a die driving amount with respect to a first bend is obtained based on meas- 
25 urements of the bend angle thereof and a correction value for a die driving amount with respect to a second bend is 
calculated from the correction value for the first bend. This correction method makes it possible to ensure high bending 
accuracy even if the workpiece has bends the angles of which are difficult or impossible to measure and eliminates the 
need for conducting angle measurement each time when a bend is produced so that significant savings in processing 
time can be achieved. 

30 [0005] The above automatic <fie driving amount correction method reveals a problem, that is. its inapplicability to some 
bends if bending order is not appropriately determined when producing a plurality of bends in a workpiece. In addition, 
since the bending accuracy of the second bend varies depending on the degree of the correlation between the first and 
second bends in terms of their processing factors, the highest possible accuracy cannot be achieved with some bend- 



35 [0006] The invention is directed to overcoming the above problem and one of the objects of the invention is therefore 
to provide a method and system for determining a bending order to achieve bending accuracy as high as possible in 
forming a plurality of bends with a bending machine in which if one of the bends has an angle difficult or impossible to 
measure a correction amount for this bend is calculated from a correction amount for another bend which has been 
obtained based on bend angle measurements. Herein, the bend (i.e.. first bend) whose correction value for a die driving 
40 amount is obtained from measurements of its bend angle is called "reference bend", while the bend (i.e., second bend) 
whose correction value is calculated from the correction value of the reference bend is called "objective bend". 

Disclosure of the Invention 

45 [0007] According to the invention, there is provided a bending order determining method for a bending machine 
wherein a correction value for a die driving amount with respect to a reference bend is obtained based on measure- 
ments of the bend angle of the reference bend and a correction value for a die driving amount with respect to an objec- 
tive bend is calculated from the correction value for the reference bend, in producing a plurality of bends in a workpiece. 

so the method comprising selecting a suitable bending order from a plurality of bending orders possible for bending 
operation, based on evaluation of the bending accuracies of objective bends to be formed in each bending order, 
the evaluation being carried out with a specified measure. 
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According to the invention, a suitable bending order for achieving the highest possible bending accuracy is thus deter- 
mined from a plurality of possible bending orders, based on the evaluation of the bending aocuracies of bends produced 
in each of the possible bending orders, which contributes to an improvement in the accuracy of the bending operation. 
[0009] Preferably, the evaluation with a specified measure is carried out such that a weight is assigned to the bending 

5 accuracy of each of the objective bends formed in each bending order, based on the degree of the correlation between 
the processing factors of the objective bend and the processing factors of its associated reference bend, and then the 
weights assigned to all the objective bends with respect to each bending order are summed to obtain an evaluation 
value for each bending order. This enables high-accuracy bending operation because the evaluation of the bending 
accuracies of bends produced in each bending order is carried out in consideration of the degree of the correlation 

10 between objective and reference bends in terms of processing factors. In this case, the suitable bending order to be 
selected is preferably a bending order which has the best evaluation value. 

[0010] According to the invention, there is provided a bending order determining system for a bending machine 
wherein a correction value for a die driving amount with respect to a reference bend is obtained based on measure- 
ments of the bend angle of the reference bend and a correction value for a die driving amount with respect to an objec- 
ts tive bend is calculated from the correction value for the reference bend, in producing a plurality of bends in a workpiece, 
the system comprising: 

(a) bending order generating means for generating a plurality of bending orders possible for bending operation; 

(b) measurement judging means for checking whether bend angle measurement can be made for each bend in 
20 each bending order generated by the bending order generating means; 

(c) correction condition setting means for setting a reference bend fa each bend which has been determined by 
the measurement judging means as an objective bend the bend angle of which is impossible to measure; 

(d) evaluation value computing means for computing an evaluation value for each bending order in such a way that 
the bending accuracy of each objective bend determined to be impossible to measure is assigned a weight, based 

25 on the degree of the correlation between the processing factors of the objective bend and its associated reference 
bend set by the correction condition setting means and the weights assigned to all the objective bends are summed 
to obtain the evaluation value; and 

(e) bending order selecting means for selecting a suitable bending order from the plurality of bending orders based 
on the evaluation values computed by the evaluation value computing means. 

30 

[0011] According to the invention, a suitable bending order is selected from a plurality of possible bending orders 
through the following procedure. A plurality of bending orders possible for bending operation are first generated and 
then a judgement is made to check whether the bend angle of each bend can be measured in each possible bending 
order. For each objective bend, that is, the bend which has been determined to be "impossible to measure", a reference 

35 bend is set, the reference bend having a correction value for a die driving amount which is to be used for calculating a 
correction value for a driving amount for its associated objective bend. Thereafter, based on the degree of the correla- 
tion between the processing factors of the objective bend and the processing factors of its associated reference bend 
which has been set the bending accuracy of the objective bend is weighted. Sequentially, the weights assigned to all 
the objective bends of each bending order are summed to obtain an evaluation value for the bending order. Based on 

40 the evaluation values of all the possible bending orders thus determined, a suitable bending order is finally selected. In 
this way, the bending accuracy of each bending order is evaluated in consideration of the correlation between bends in 
terms of processing factors. This brings about easy input of step data into the NC device and increases the accuracy 
of the bending operation. In this case, it is desired that the bending order selecting means select a bending order having 
the best evaluation value as the suitable bending order. 

45 

Brief Description of the Drawings 
[0012] 

so FIGURE 1 is a diagram of a system structure designed according to one embodiment of the invention. 

FIGURES 2(a) and 2(b) are, a perspective view and end view respectively, showing one example of workpieces 
processed in the embodiment 

FIGURE 3 shows one example of cases where bend angle measurement cannot be made. 
FIGURE 4 shows another example of cases where bend angle measurement cannot be made. 
55 FIGURE 5 is a flow chart of processing performed by a bending order determining system. 

FIGURE 6 shows one example of bending orders possible for bending the workpiece shown in FIGURE 2. 
FIGURE 7 shows another example of bending orders possible for bending the workpiece shown in FIGURE 2. 
FIGURES 8(a) and 8(b) are a perspective view and end view respectively, showing another example of workpieces 



3 




processed in the embodiment. 

FIGURE 9 shows one example of bending orders possible for bending the workpiece shown in FIGURE 8. 
FIGURE 10 shows another example of bending orders possible for bending the workpiece shown in FIGURE 8. 
FIGURE 1 1 shows a bend angle measuring unit used in another embodiment. 

5 

Best Mode for Carrying out the Invention 

[001 3] With reference to the drawings, there will be explained a method and system for determining a bending order 
adapted for use with a bending machine, according to a preferred embodiment of the invention. 

w {001 4] FIGURE 1 shows a system structure according to one embodiment of the invention. 

[0015] In the present embodiment, a press brake 1 comprises a lower die (die) 3 supported on a mount 2 and an 
upper die (punch) 5 that is arranged in opposing relationship with the lower die 3. being attached to the underside of a 
ram 4. The ram 4 is so disposed as to be lifted and lowered above the lower die 3. Inserted between the lower die 3 and 
the upper die 5 is a workpiece W formed from a metal sheet. Bending of the workpiece W is performed by lowering the 

is ram 4 to press the workpiece W placed on the lower die 3 with both lower and upper dies 3, 5. 

[0016] In front of the mount 2 (i.e., on the user side) and behind the mount 2 (i.e., on the machine side), there are 
provided angle measuring units 8 each comprising a slit-shaped light source 6 for projecting a linear light image onto 
the outer surface of the bent workpiece W and a CCD camera 7 for picking up the linear light image formed by the light 
source 6. The angle measuring units 8 measure the bend angle of the workpiece W. Such an angle measuring unit 8 

20 may be positioned in front of or behind the mount 2 only. 

[001 7] The image picked up by the CCD camera 7 is displayed on a monitor television (not shown) while it is proc- 
essed as image data in a bend angle computing section 9. The bend angle computing section 9 computes the bend 
angle of the workpiece W and the result of this arithmetic operation is input into an NC device 10. Apart from this meas- 
urement data representative of the bend angle of the workpiece W. the NC device 10 inputs, beforehand, workpiece 

25 information (material, the length of a bend line, bend angle, etc.), die information (die height V-groove width, V-angle. 
punch R, etc.) and machine information (rigidity, speed specification, stroke specification, etc.). 
[0018] The NC device 10 computes a reference lower limit of the stroke of the ram 4 (i.e., reference bend depth) based 
on input data such as the aforesaid workpiece information, tie information, and machine information, and based on the 
result of this arithmetic operation, the ram 4 is controlled to perform bending operation. During the bending operation. 

30 the actual bend angle of the workpiece W is calculated in the bend angle computing section 9 and the result is input 
into the NC device 10. Based on this input data, the NC device 10 calculates a correction value (depth correction value) 
for the lower limit of the ram 4 and this depth correction value is added to the aforesaid reference bend depth to obtain 
a final bend depth. According to the final bend depth thus obtained, the ram 4 is driven. 

[001 9] In actual bending operation, there are some bends for which bend angle measurement cannot be made. For 
35 example, when producing a bent article 1 1 having a plurality of bends a to e as shown in FIGURE 2, bend angle meas- 
urement cannot be made for some bends since (i) both surfaces which form the bend (i.e.. the faces on both sides of 
the bend line) in the workpiece W cannot be measured (see FIGURE 3) or (ii) slit lights from the light sources 6 cannot 
reach the measuring points (see FIGURE 4). Whether bending angle measurement is possible for each bend does not 
depend on the shape of the bent article 1 1 but depends on the bending order, that is. the order of producing bends. A 
40 depth correction value for a bend for which bend angle measurement is impossfoie must be calculated from data on 
another bend for which bend angle measurement has been made. Therefore, the present embodiment includes a bend- 
ing order determining system 12 (see FIGURE 1) for selecting a suitable bending order which provides a high bending 
accuracy from a plurality of possible bending orders according to a specified evaluation measure. The arithmetic data 
produced by the bending order determining system 12 is input into the NC device 10. 
45 [0020] The bending order determining system 1 2 comprises (a) a processing factor specifying section 1 3 for specify- 
ing processing lactors for grouping by selecting from the data sent from the NC device 1 0, the processing factors being 
data that influence the bend angle of the workpiece W such as a target bend angle, the length of a bend line (L 1t L 2 ). 
the geometry of the upper die (punch R, angle, height, shape), and the geometry of the lower die (V-wtdth. V-angle. 
height) : (b) a bend grouping section 1 4 for grouping bends according to the processing factors specified by the process- 
so ing factor specifying section 13; (c) a bending order generating section 15 for generating bending orders possible for 
bending operation; (d) a measurement judging section for checking whether bend angle measurement can be made for 
each bend in each bending order generated by the bending order generating section 15; (e) a correction condition set- 
ting section 1 7 for setting a reference bend for each bend which has been determined by the measurement judging sec- 
tion as an objective bend the bend angle of which is impossible to measure, in order that a correction value for a die 
55 driving amount for the reference bend is to be used to calculate a correction value for a die driving amount for its asso- 
ciated objective bend; (f) a weight setting section 1 8 for assigning a weight to each objective bend, based on the degree 
of the correlation between the processing factors of the objective bend and the processing factors of the reference bend 
set by the correction condition setting section 17; (g) a weight sum computing section 19 for calculating the sum of the 
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weights assigned to all the objective bends according to outputs from the correction condition setting section 17 and 
from the weight setting section 18; and (h) a bending order selecting section 20 for selecting a suitable bending order 
from the plurality of possible bending orders by evaluating the weight sums of the plurality of possible bending orders 
calculated by the weight sum computing section 1 9. The bending order selecting section 20 releases output data to the 
5 NC device 10 and a display unit (not shown) incorporated in the NC device 10 displays the suitable bending order. 
[0021 ] Next, the flow of processing performed by the bending order determining system 1 2 will be explained with ref- 
erence to the flow cart of FIGURE 5. 

S1 : The processing factor specifying section 13 specifies processing factors that influence bend angle (e.g., target 
10 bend angle, the length of a bend line, the geometry of the upper die and the geometry of the lower die). 

S2: The bends of an article are classified into groups by the bend grouping section 14. Taking the bent article 1 1 
shown in FIGURE 2 for example, the bends are classified into three groups, namely, GROUP (G1) constituted by 
the bends a, b; GROUP (G2) constituted by the bend c; and GROUP (G3) constituted by the bends d, e. Specifi- 
cally, the bends a. b have the same target bend angle and the same bend line length The bends d, e also have 
is the same target bend angle and the same bend line length l_2. When weighting (described later) is carried out. a 
weight is obtained from the correlation between two groups made by the above classification. This arrangement 
facilitates weighting calculation even if there exist many bends which have the same correlation with their associ- 
ated bends. It should be noted that such classification is not essential but may be omitted. 
S3 to S4: The bending order generating section 15 generates a plurality of bending orders possible for bending 
20 operation and the following processing is sequentially performed on each bending order. By way of example, bend- 
ing orders for the bent article 1 1 shown in FIGURE 2 are shown in FIGURES 6 and 7. For simplicity of explanation, 
the two kinds of bending orders shown in FIGURES 6 and 7 are evaluated in this flow. First, processing is per- 
formed on the bending order of FIGURE 6. 

S5: The measurement judging means 16 makes a check to determine whether the angle of each bend can be 
25 measured in the bending order of FIGURE 6. In this case, it is determined that accurate bend angle measurement 
cannot be made in Bending Step 1 (i.e., the bend a) and Bending Step 3 (i.e., the bend e) because both surfaces 
which constitute the bend a or e cannot be measured. Also, Bending Step 5 (i.e., the bend c) is determined to be 
"impossible to measure- for the reason that slit lights from the light sources 6 cannot reach the measuring points of 
the bend c. 
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S6: The correction condition setting section 1 7 sets a reference bending step for each bending step which has been 
determined as an objective bending step for which bend angle measurement is impossible (Bending Steps 1 . 3 and 
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5 are objective bending steps in this embodiment). In this example, there is no bend tor which bend angle meas- 
urement is made prior to Bending Step 1 and therefore the column "REFERENCE BENDING STEP" in "REFER- 
ENCE BENDING STEP SETTING PROCESS I" of TABLE 1 corresponding to Bending Step 1 appears to be 
"NONE". Regarding Bending Steps 3 and 5, the column "REFERENCE BENDING STEP" in "REFERENCE BEND- 
ING STEP SETTING PROCESS I" appears to be "Bending Step 2". 

S7: The weight setting section 18 reads preset weighting data based on the degree of the correlation between 
objective and reference bends in terms of processing factors (target bend angle, bend line length, upper die geom- 
etry, lower die geometry, etc.). This preset weighting data is experimental data prepared in such a way: bending 
operation is performed with various degrees of the correlation between the processing factors of a reference bend- 
ing step and the processing factors of an objective bending step and the extent of an error in the bend angle in the 
objective bending step of each case is taken as data. TABLE 2 shows one example of the preset weighting data. In 
TABLE 2. the weight is set to increase as the extent of the error increases. In other words, the weight increases as 
the accuracy of bending based on a calculated correction value decreases. Since an error in bend angle is greater 
than an error in bend line length, the weight assigned to target bend angle is set greater than the weight assigned 
to bend line length. Here, the weight is set to 100 when there is no correlation (that is. an objective bending step 
does not have its associated reference bending step). The weight for the correlation between objective and refer- 
ence bending steps in terms of target bend angle is set to be equal to the difference between the target bend angle 
of the reference bending step and the target bend angle of the objective bending step, whereas the weight for the 
correlation in terms of bend line length is set to be equal to the ratio between the bend line length of the reference 
bending step and the bend line length of the objective bending step. 
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S8 to S9 The weight sum computing section 19 calculates a weight for each objective bending step from the cor- 
relation between the objective bending step and the associated reference bending step and sums weights for all 
the bending steps In the case of TABLE 1. Bending Step 1 does not have an associated reference bending step 
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and therefore the weight to be assigned to Bending Step 1 is 100. Regarding Bending Step 3, the ratio of the bend 
line length of the reference step (i.e., Bending Step 2) for Bending Step 3 to the bend line length of Bending Step 
3 is 700/500 = 1 .2 so that the weight for Bending Step 3 is 2. Regarding Bending Step 5. the difference in target 
bend angle between Bending Step 5 and its associated reference bending step (i.e., Bending Step 2) is 150° - 90° 
5 =60° and therefore the weight for Bending Step 5 is 60. Accordingly, the sum of the weights assigned to all the 

bending steps is 100 + 2 + 60 = 162. 

S10: If setting of a reference bending step is changed, the program returns to step S6 and another setting process 
different from REFERENCE BENDING STEP SETTING PROCESS I, that is, REFERENCE BENDING STEP SET- 
TING PROCESS II is carried out. According to REFERENCE BENDING SETTING PROCESS II, Bending Steps 1 

10 to 4 respectively have the same associated reference bending steps as those in REFERENCE BENDING STEP 
SETTING PROCESS I but Bending Step 5 has. as its associated reference bending step, Bending Step 4 which 
differs from that of SETTING PROCESS I. A weight to be assigned to Bending Step 5 is similarly calculated accord- 
ing to REFERENCE BENDING STEP SETTING PROCESS II. Concretely, the ratio of the bend line length of Bend- 
ing Step 5 to the bend line length of Bending step 4 is 700/500 = 1.2 and the difference in target bend angle 

is between these steps is 150° - 90° = 60° so that the weight is 2 + 60 = 62. The sum of all the weights is 100 + 2 + 
62 = 164. 

S1 1 : The minimum weight sum is selected from the respective weight sums of the reference bending step setting 
processes. In this example, the minimum weight sum is 162 because 162 < 164. 

S12 to S13: If the minimum weight sums of all the bending orders have not been obtained yet, the program per- 
20 forms the processing of Step S5 and onward on the next bending order. For example, when the next bending order 
is as shown in FIGURE 7, four kinds of reference bending step setting processes are adapted (see TABLE 3) and 
calculation of weights is carried out for each of REFERENCE BENDING STEP SETTING PROCESSES I to IV in 
the same way as described earlier. As a result, the weight sums of REFERENCE BENDING STEP SETTING 
PROCESSES I, II, III, IV are 2, 62, 62 and 122, respectively and the minimum weight sum is accordingly 2. 
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S1 4: The bending order having the smallest minimum weight sum (in this example, REFERENCE BENDING STEP 
SETTING PROCESS I of the bending order shown in FIGURE 7 has the smallest minimum sum) is selected from 
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all the bending orders. The bending order thus selected is displayed as a suitable bending order by the display unit 
incorporated in the NC device 10. In one example of displaying methods, all the bending orders may be displayed 
on one display screen in the order of their increasing minimum weight sums. Alternatively, one bending order is dis- 
played on one screen and the screens each having one bending order appear in the order of the increasing mini- 
mum weight sums whenever the operator switches, by depressing a button. In both cases, the operator looks at the 
display and proceeds operation according to the steps indicated by the NC device 10. It should be noted that the 
operator can select other bending orders than the bending order selected through the calculation. 

[0022] Next, there will be explained another example in which two bending orders are evaluated for the bent article 
21 shown in FIGURE 8. 

[0023] In the case of the bending order shown in FIGURE 9, Bending Steps 2 (Bend i), 4 (Bend k) and 5 (Bend m) 
are "impossible to measure" as seen from the column "MEASUREMENT in TABLE 4, because accurate bend angle 
measurement cannot be made as both surfaces forming each bend cannot be measured. Four kinds of reference bend- 
ing step setting processes (REFERENCE BENDING STEP SETTING PROCESSES I to IV) are provided for setting ref- 
erence bending steps for the above "impossible to measure" bending steps. According to each reference bending step 
setting process, a weight for each objective bending step is calculated based on the correlation between the objective 
bending step and its associated reference bending step and calculated weights for all the bending steps are summed. 
The weight sums of REFERENCE BENDING STEP SETTING PROCESSES I to IV are 24, 12, 16 and 4, respectively. 
Therefore, the minimum weight sum of this bending order is 4. 
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[00241 Similarly in the case of the bending order shown in FIGURE 10, the weight sums of the two reference bending 
step setting proises (REFERENCE BENDING STEP SETTING PROCESSES I and II) are 1 12 and 1<M*^ 
as seen from TABLE 5. Therefore the minimum weight sum of this bending order is 104. Accordingly, REFERENCE 
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BENDING STEP SETTING PROCESS IV of the bending order shown in FIGURE 9 is selected as the bending order 
having the smallest minimum weight sum in this example. 
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[0025] Although the sum of weights is used as an evaluation value for indicating the degree of bending accuracy in 
the present embodiment, the evaluation may be carried out in other ways. For instance, the bending steps which are 
expected to have the poorest bending accuracy, for example, the Impossible to measure" bencfing steps which do not 
have their associated reference bending steps (in the present embodiment the bending steps having a weight of 100) 
5 are assigned A and the number of bending steps having A in each bending order (the sum of A s) is calculated for eval- 
uation. 

[0026] While the present embodiment is designed such that as the weight increases, the bending accuracy of bending 
performed with a calculated correction value decreases, the bending accuracy may increase as the weight increases. 
[0027] While cases where only one of the surfaces constituting a bend can be measured and where slit lights from 
10 the light sources are interrupted by the workpiece W so that they cannot reach the measuring positions are taken as 
examples of cases where the bend is determined to be an objective bend "impossible to measure", other situations may 
be included. For example, in cases where the workpiece has holes or notches through which slit lights permeate, with- 
out reaching a bend, this bend may be regarded as an objective bend. 

[0028] In the present invention, a suitable bending order determined by the bending order determining system 1 2 is 
15 displayed on the display unit of the NC device 10 and the operator operates the bending machine to move or reverse 
the workpiece W, while looking at the displayed information. An alternative embodiment may be arranged such that 
information is issued to the handling system of a robot etc. based on the data released from the bending order deter- 
mining system 12 to the NC device 10 in order to automatically handle the workpiece W. 

[0029] Although the bend angle measuring unit of the present embodiment comprises slit light sources and CCD cam- 
20 eras for picking up a linear projected light image and obtains bend angle through image processing, the measuring unit 
is not limited to this type but other types may be employed. For instance, a contact type measuring unit may be used, 
in which displacement gauges 23 each operated by an air cylinder 22 are disposed and the bend angle of the workpiece 
W is measured by bringing the contacts of the displacement gauges 23 into contact with the outer surfaces of the work- 
piece W as shown in FIGURE 1 1 . Another alternative type employs a plurality of dstance sensors (overcurrent sensors. 
25 capacitance sensors or the like) to measure the distance from each sensor to the workpiece and obtains the differences 
between the cfi stances thereby measuring the bend angle of the workpiece. 

[0030] Although the embodiment described herein has been discussed in the context of a press brake of the so-called 
over drive type which has a fixed lower die and a movable upper die and corrects the lower limit of the stroke of the ram 
for driving the upper die. the invention is equally applicable to a press brake of the so-called under drive type which has 
30 a fixed upper die and a movable lower die. In the case of the under drive type, correction is made, of course, on the 
upper limit of the stroke of the ram for driving the lower die. 

[0031 ] The invention being thus described, it will be obvious that the same may be varied in many ways. Such varia- 
tions are not to be regarded as a departure from the spirit and scope of the invention, and all such modifications as 
would be obvious to one skilled in the art are intended to be included within the scope of the following claims. 

35 

Claims 

1 . A bending order determining method for a bending machine wherein a correction value for a die driving amount 
with respect to a reference bend is obtained based on measurements of the bend angle of the reference bend and 

40 a correction value for a die driving amount with respect to an objective bend is calculated from the correction value 
for the reference bend, in producing a plurality of bends in a workpiece. 

the method conprising selecting a suitable bending order from a plurality of bending orders possible for bend- 
ing operation, based on evaluation of the bending accuracies of objective bends to be formed in each bending 
45 order, the evaluation being carried out with a specified measure. 

2. A bending order determining method for a bending machine according to daim 1 , wherein said evaluation with a 
specified measure is carried out such that a weight is assigned to the bending accuracy of each of objective bends 
formed in each bending order, based on the degree of the correlation between the processing factors of the objec- 

50 tive bend and the processing factors of its associated reference bend, and then the weights assigned to all the 
objective bends with respect to each bending order are summed to obtain an evaluation value for each bending 
order. 

3. A bending order determining method for a bending machine according to claim 2. wherein the suitable bending 
55 order to be selected is a bending order which has the best evaluation value. 

4. A bending order determining system for a bending machine wherein a correction value for a die driving amount with 
respect to a reference bend is obtained based on measurements of the bend angle of the reference bend and a 
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correction value for a die driving amount with respect to an objective bend is calculated from the correction value 
for said reference bend, in producing a plurality of bends in a workpiece. the system comprising: 

(a) bending order generating means for generating a plurality of bending orders possible for bending operation; 

(b) measurement judging means for checking whether bend angle measurement can be made for each bend 
in each bending order generated by the bending order generating means; 

. (c) correction condition setting means for setting a reference bend for each bend which has been determined 
by the measurement judging means as an objective bend the bend angle of which is impossible to measure; 

(d) evaluation value computing means for computing an evaluation value for each bending order in such a way 
that the bending accuracy of each objective bend determined to be impossible to measure is assigned a 
weight based on the degree of the correlation between the processing factors of the objective bend and its 
associated reference bend set by the correction condition setting means and the weights assigned to all the 
objective bends are summed to obtain the evaluation value; and 

(e) bending order selecting means for selecting a suitable bending order from the plurality of bending orders 
based on the evaluation values computed by the evaluation value computing means. 

A bending order determining system for a bending machine according to claim 4, wherein the bending order select- 
ing means selects the bending order having the best evaluation value as the suitable bending order. 
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FIG. 2 (a) 




FIG. 2 (b) 
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FIG. 3 
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